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e This is a closed book and closed notes exam. In addition, you are not allowed to use any 
electronic aides of any kind. 


e Do all 8 problems in this booklet. Read each question very carefully. 


e You should have 9 sheets total (the cover sheet, plus numbered pages 1-16). The last sheet is 
scratch paper; you may detach it while taking the exam, but must turn it in with the exam 
when you leave. 


e Unless otherwise stated in a problem, assume the best possible design of a particular imple- 
mentation is being used. 


e If you have the choice between the in-order successor and the in-order predecessor, choose 
the in-order successor. 






































Problem | Points | Score | Grader 

1 20 
2 20 
a) 10 
4 15 
5 15 
6 10 
7 15 
8 15 

Total 120 
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1. [Multiple Choice - 20 Points (2 points each)]. 


For each of the questions below you are to circle the best answer. The best answer is the 
most restrictive correct answer. 


(a) What is the error in the following function? 


int AddOne(const int& oldVal) 


{ 
int temp = 1; 
int firstResult; 
firstResult = oldVal; 
oldVal = temp + firstResult; 
return oldVal; 
by 


a) firstResult cannot be assigned the value of oldVal 
b) oldVal cannot be the expression in the return statement 





c) oldVal cannot be assigned the value temp + firstResult 











d) There isn’t any error in the function. 


Which one of the choices below is NOT one of the Big Three? 


a) Assignment Operator 
b) Copy Constructor 





c) Default Constructor 
d) Destructor 











Which one of the statements below is NOT correct? 

a) For an object of a derived class type, the base class constructor must run before any 
derived class constructor is run. 

b) Destructors can be declared to be virtual. 
c) The default binding in C++ is dynamic. 
d) You cannot create objects whose type is an abstract class. 














If some code contains the following line: 

class Foo : public Bar 

then which one of the following is true? 

a) class Bar can access the protected members of Foo. 
b) class Foo can access the private members of Bar. 
c) class Bar can access the private members of Foo. 








d) class Foo can access the protected members of Bar. 
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(e) For a singly linked list, what is the running time of the InsertAfter(Etype X) algo- 


—— 


ar 


ae 


SS 


rithm? 
a) O(1) 
b) O(1gn) 
c) O(n) 

d) O(nlgn) 














What is the running time of the Pop() algorithm on the array implementation of a stack? 
a) O(1) 
b) O(Ig n) 
c) O(n) 

d) O(nlgn) 














If you perform the following operations on a queue, in the given order, which element 
will be at the front when you are finished? (Assume that the queue is empty when you 
begin.) 


Enqueue(A), Dequeue(), Enqueue(C), Enqueue(B), 
Dequeue(), Enqueue(D), Dequeue() 


a) A 
b) B 
c) C 
d) D 


A multilist implementation of a two-dimensional array is useful when which two of the 
following conditions are simultaneously true? 


I. Your array has a lot of blank (unused) cells. 

II. Your array is very full. 

III. You want to minimize memory usage. 

IV. You need the quickest possible access to your data. 


a) II and IV 
b) I and III 
) 














c) land IV 
d) If and IV 


What is the running time of the InOrder traversal algorithm on a binary tree with n 
nodes? 

a) O(1) 

b) O(lgn) 

c) O(n) 
d) O(nlgn) 
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(j) If the level-order traversal for a perfect binary tree with seven nodes is 
1234567 
then what would be the in-order traversal of this tree? 


a)2134567 
b)1245367 


c)4251637 
d4526731 
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2. [Short Answer - 20 points (4 points each)]. 


(a) Write the C++ statement to read an integer i from the keyboard. 


na 


nN 


SS” 


ee 


cin >> i; 


Consider the following function signature (along with the template line before it): 


template <class Etype> 
const Etype& Foo<Etype>: :SomeFunction(const List<Etype>& someVal) const 


Note that there are three occurences of the keyword const. Underline the one which 
ensures that SomeFunction cannot alter the contents of any object of type Foo that it 
operates on. 


Consider a doubly-linked-list node (with next and prev pointers and an element field 
for the value), and further consider a stack that is implemented using a doubly-linked-list 
of those nodes. Below is one possible Pop() function for this implementation. 


template <class Etype> 
Etype Stack<Etype>: :Pop() 
st 


head = head->next; 
return head->prev-—>element ; 


} 
What is the term for the problem that this code causes? 


Memory Leak 


What is the maximum number of nodes in a binary tree of height 3? 


15 


Which data structure that we have studied so far would be ideal for allowing us to sim- 
ulate recursion without actually using recursion? 


Stack 
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3. [Debugging - 10 points]. 


We have implemented a singly linked list class that has a dummy node at the end of the list 
(whose next member variable is set to NULL). Here is a diagram of a list containing A, B, C, 
D, E, and F. 


HHH SHEE} [renasi} — [on] 


The list’s head pointer points to the first node in the list (A in the example above) and the last 
“real node” points to the dummy node (an “empty list” consists of only the dummy node). 
The tail points to the dummy node. 


We wanted to implement a list reversing function that works without having to create addi- 
tional nodes. Our code compiles, but doesn’t seem to work. 


The code is given below. It compiles correctly, but is does not work. Insert code below to 
repair the error. Your code should result in the list the function runs on being properly 
reversed. You may only add code-you may not delete or modify any of the lines of code 
below. 


template <class Etype> 

void List<Etype>: :ReverseList () 

{ 
ListNode *Curr, *After, *Prev; 
// extra code line here --explained below 
{ // extra enclosing brace 


Curr head->next ; 
Prev Curr->next; 
After = head; 
After->next = tail; 
while (Prev != NULL) 
{ 


Curr->next = After; 
After = Curr; 
Curr = Prev; 


Prev Prev->next; 


} 
head = After; 
}// extra enclosing brace 


This code doesn’t work for the “empty list” case. In the code above, the “extra code” line 
is either if (head != tail) or if (head->next != NULL) but not if (head != NULL) 
since the “empty list” has a dummy node as stated in the problem 


The missing semicolon on the test was a typo and most people asked questions saying “but 
you said it compiles”. Since we said that it compiles, this was not the problem. 
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4. [Sparse Arrays] - 15 pts 


Consider the following two-dimensional array, assuming that all the blank cells hold NULL 


elements. 


Name: 


Or W.. 22 232 A Dr. 16 





G 
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(a) Draw the “hierarchical table” sparse array implementation of the above array. (6 pts) 
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5. [Binary Search Trees - 15 pts]. 


Consider the following Binary search tree: 


(a) Show the resultant tree after 60 is inserted into the tree above. (If a sub-tree stays the 
same, it is okay to just draw a triangle with the root of the sub-tree at the top, instead 
of re-drawing the entire sub-tree.) (6 points) 


ant ng, 
i. 


AY fe 


o 4 Wh 
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(b) Show the resultant tree after 10 is removed from the original tree. Again, if a sub-tree 
stays the same, you can handle it as in part (a) rather than re-draw the entire tree. (9 
points) 
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6. [Iterator Syntax - 10 pts]. 


The following problem is a test of syntax and iterator syntax in particular. So please be very 
careful with your syntax. 


You are given the C5225 list class that we discussed a bit in lecture and then mainly in sec- 
tion. It is atemplate class and has, among its nested classes, iterator and reverse_iterator. 


Write a function printStudents that takes in a list of Student objects. The Student is 
defined as follows: 


class Student 
dk 
public: 
String name; 
float score; 


}; 


Your job is to print out to the screen, in the order of the list, each student’s name and score. 
You should then print out the average score (sum of all scores divided by the number of 
students). The formatting of the lines is not important, but your understanding of how to 
output is. 


void printStudents(list<Student>& theList) 

sf 
list<Student>::iterator iti = theList.begin() ; 
float count = 0; 
float sum = 0; 


while ( iti != theList.endQ ) f{ 


cout << iti->name << " " << iti->score << endl; 
count++; 
sum += iti->score; 
itit++; 
} 
cout << endl << "Average: " << sum/count << endl; 
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(Iterator Syntax - continued) 
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7. [Linked List - 15 pts]. 


Write a function Insert AndMakeMin that, given a singly linked list of integers, adds an integer 
into the list, using the following algorithm: 


For an input N, insert N at the front of the list, and then scan the remainder of the list, 
deleting all nodes whose elements are less than N. 


You are provided with the class ListNode as follows: 


class ListNode 


{ 
public: 
ListNode() {next = NULL;} 
ListNode(int intValue) {element = intValue; next = NULL;} 
int element; 
ListNode* next; 
¥5 


The first parameter is a reference to the pointer of the head of the original list. (Don’t assume 
it’s not empty) The second parameter is an integer you are going to insert to the list. You 
CANNOT assume the existence of any other list functions; whatever list manipulations you 
want to do must be coded by you. You may also only use the variables given to you. 


void InsertAndMakeMin(ListNode*& theList, int N) 
it 

ListNode* temp; 

ListNode* temp2; 


temp = new ListNode(N) ; 
temp->next = theList; 
theList = temp; 


while(temp->next != NULL) f{ 
if( temp->next->element < N ) { 
temp2 = temp->next->next; 


delete temp->next; 
temp->next = temp2; 


temp = temp->next; 
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(Linked List - continued) 
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8. [Tree Traversal - 15 points]. 


Write a binary tree member function all_paths that prints the sum of all the numbers in a 
path starting from the root and ending in a leaf and does this for all possible such paths in 
the binary tree. For example, if the tree is: 


Then your function should print out the three values 19, 14, and 27, since those are the sums 
of the numbers on the three root-to-leaf paths in the above tree. You can print the sums in 
whatever order you want, as long as the sums for all the different paths get printed. 


You are provided with the following declaration of the tree’s node class: 


class BinaryTreeNode { 

public: 
int element; // node value 
BinaryTreeNode *left, *right; // subtree pointers 


}; 


You may use a Stack or Queue (with functions defined as they were in class), if you wish. 
In addition, you can assume that both those classes would have the Big Three implemented 
properly, in case you need those. Note that you decide on the return type for your function 
and can add any extra parameters you feel you need; however, if you add new parameters, 
you should indicate what should be sent into those parameters for the first function call (root 
is the argument sent by the first function call for the parameter we have provided). 


void all_paths(BinaryTreeNode* ptr, int sum) 
st 
if (ptr == NULL) 
return; 


if ( ptr->left == NULL && ptr->right == NULL ) 
cout << sum+ptr->element << " "; 

else { 
sum += ptr->element; 
all_paths(ptr->left, sum); 
all_paths(ptr->right, sum); 
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(Tree Traversal - continued) 





CS 225 First Exam—Spring, 2002 15 Name: 





CS 225 First Exam—Spring, 2002 16 Name: 


scratch paper 
tch 





